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One key use of silicides is in the so-called salicide 
process. Salicide 

processing is the manufacture of "self -aligned" silicide 
gate structures. A 

typical presently used process is shown in FIGS. 1A-1D. 
FIG. 1A begins with a 

self-aligned MOS transistor already formed on a silicon 
substrate. Such a 

device features a gate structure, 103, formed on an active 
semiconductor 

surface region, 101, lying between field oxide regions, 
102, of a semiconductor 

surface. The gate, 103, lies between spacers, 104, and 
source and drain 

regions, 105. The gate, 103, typically features an 
electrode formed from 

polysilicon. As shown in FIG. IB, a silicide structures 
are typically formed 

by sputtering titanium (Ti) , 106, over the entire 
semiconductor surface in a 

physical vapor deposition ("PVD") process. The resulting 
structure is then 

heated in a first rapid thermal anneal ("RTA1") process. 
As shown in FIG. 1C, 

this causes the titanium to react with the polysilicon in 
gate region, 103g, 

and also with the silicon of the source and drain regions, 
105d. However, 

titanium deposited in the spacer and field oxide regions, 
u, does not react to 

form silicide . Moreover, the reaction between titanium and 
silicon in the 

source, 105d, drain, 105d, and gate, 103g, regions is 
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"incomplete" . The 

unreacted titanium, u, is selectively etched from the 
surface leaving only the 

"incompletely" reacted titanium silicide in regions, 103g 
and 105d. The 

"incompletely" reacted titanium silicide (TiSi.sub.2) has a 
crystallographic 

structure, known as C49. C49 TiSi.sub.2 is an 
unsatisfactory end product which 

has high sheet resistance. Titanium silicide requires 
further processing to 

obtain the necessary sheet resistance. A second RTA 
("RTA2") is performed 

causing TiSi.sub.2 to change phase, forming a low 
resistance TiSi.sub.2, known 

as C54. C54 TiSi.sub.2 has a much lower sheet resistance 
than C49 and is used 

as an effective gate contact material. 

The invention of Wei describes a process for forming a 
titanium 

nitride/cobalt silicide bilayer for use in salicide 
technology and as contact 

via fills. Titanium is deposited on a silicon substrate 
then coated with a 

thin layer of Co. These layers are annealed in a nitrogen 
atmosphere . During 

anneal, cobalt migrates into the silicon substrate and 
titanium migrates 

upwards towards the surface. The surface titanium reacts 
with the atmosphere 

to form titanium nitride which protects the underlying 
cobalt layer. The 

cobalt then reacts with the silicon layer to form cobalt 
silicide. This method 

has the advantage of being a simple process which does not 
require the removal 

of the native SiO. sub. 2 layer from the Si wafer surface. 
Additionally, the Ti 

layer getters the atmospheric and surface impurities from 
the Co layer 

preventing its contamination during processing. However, 
this process suffers 

from undesirable formation of a CoTi.sub.2 intermediate at 
the Ti/Co interface 

which inhibits CoSi.sub.2 formation. 
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Another present art process for fabricating a CoSi.sub.2 
layer, involves the 

deposition of a titanium nitride (TiN) capping layer over a 
cobalt layer. This 

process begins with a silicon substrate having field oxide 
regions and spacers 

in place. The Si surface is stripped of its native oxide, 
then a layer of Co 

is formed over the surface. Subsequently, a capping layer 
of TiN is formed 

over the metallic cobalt. The substrate is then subject to 
rapid thermal 

annealing. This process avoids the formation .of CoTi.sub.2 
by using the TiN 

cap, which avoids the Ti/Co reaction during processing. 
However, this process 

suffers from incomplete reaction of the Co with Si. This 
incompleteness is 

more pronounced at narrow linewidths (e.g. less than 0.30 
.mu.m) and at 

intermediate temperatures (e.g. temperatures in the range 
of 500-600 .degree. 

C). The process also suffers from the effects of oxide 
outgassing which 

inhibits silicide formation by slowing Co diffusion. 

FIG. 13 depicts the structure shown in FIG. 12 after the 
fabrication of a 

passivation layer, 1301. The passivation layer, 1301, may 
be made of a variety 

of dielectric materials, for example, silicon dioxide or 
boropolysilicate glass 

(BPSG) . The passivation layer is then masked and etched to 
expose those 

regions where contact vias are to be made. FIG. 14 shows 
the structure of FIG. 

13 after the passivation layer, 1301, has been etched to 
form vias, 1302. The 

result is that vias, 1302, are formed in the passivation 
layer, 1301, exposing 

the CoSi.sub.2 layer overlying the source/drain regions, 
lOlOd, or optionally 

gate regions, lOlOg. The vias, 1302, are filled with 
conducting materials in 

order to make electrical contact with the device regions 
lOlOd. Ideally the 

material used to fill the via, 1302, provides a specific 
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contact resistivity of 

less than 10. sup. -6 to 10. sup. -8 ohms cm. sup. 2. Typical 
examples are 

polysilicon, doped polysilicon, tungsten, aluminum, coppe 
and copper alloys. 
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ABSTRACT: 

PURPOSE: To reduce, e.g. the resistance value of contact 
resistance and 

improve the heat resistance, by forming a uniform titanium 
silicide film on a 
polycrystalline silicon region. 

CONSTITUTION: A gate 14 composed of polycrystalline 
silicon is formed on a 

silicon substrate 11 via a gate oxide film 13. Amorp hous 
s i 1 icon layers 17A, 

17B,. JJA,_are formed on the silicon substrate 11 turning to 
a source. drain 

region and the gate 14 by implanting Ar ions. A silicon 
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oxide film is formed 

by oxidizing the upper part of the amorphous silicon layer. 

After a titanium 
film 19 is deposited on the whole surface, a titanium 
silicide film is formed 

via silicon oxide films 18A, 18B, 14B, by unaking the 
titanium film and the 

amor phous silicon react with each other. Since the silicon 
oxide film is 

formed on the amorphous silicon layer, a uniform thin oxide 
film is obtained, 

and the titanium silicide film also is uniformly formed. 
COPYRIGHT: (C) 1993, JPO& Japio 
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